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Introduction
The major purpose of the present study was to determine
the effects of cost and gain ratios, and probability of out-
comes on ratings of alternative choices. In most experi-
ments on choice behavior the same options have been pre-
sented repeatedly, with the technique employed here, each
combination of cost, gain, and probability was presented
only once. Another departure from the conditions of most
previous experiments was replacement of a binary decision
with the more sensitive measure of rating of choices.
Several models of the manner in which different com-
binations of cost and gain ratios, and probability of out-
comes effect choice behavior have been proposed. A further
purpose of the present study was to evaluate several of the
models in terms of extent to which each predicts ratings of
choices.
Post Ratios* Gain Ratios, and Probabilities
The variables of cost and gain ratios, and probability
of outcomes in a two-choice situation can be represented in
the following matrix:
Outcome
Response {, ijg
A, 0, C,
°2 G2
Probability of Outcome P 1-P
-1-
on
The outcomes,
^ and gg, occur with probability | and 1-P,
respectively. When responses and outcomes coincide, the gain
is G
1
or G2 j when responses and outcomes differ, the cost i
9
t
or 0
2 . Probability of outcome can be varied in combinati
with relative or absolute values of gain, of cost, or of both.
Gain and cost ratios are the value for the gain or cost asso-
ciated with one choice relative to the gain or cost, respec-
tively, associated with the other choice.
In an early experiment involving monetary gain in the
two-choice situation, Edwards (1956) varied both probability
and gain associated with correct prediction of each event.
Asymptotic probabilities of choice of events exceeded their
probabilities of occurrence which was contrary to the match-
ing of event probabilities then thought to occur.
Taub and Myers (1961) Investigated monetary gain, where
the gain received by S depended on which of two events was
correctly predicted, and where all incorrect predictions were
Of equal cost. Although Ss did not utilize mathematically
optimal strategies, they eventually chose the more rewarding
alternative more often than the outcome occurred.
The variable of cost ratio was introduced by Myers,
Heilly, and Taub ( 1 961 ) . Number of ohoices of S« increased
as its relative frequency increased, as its cost decreased,
and as the gain associated with jS
2
decreased. Again Ss did
not achieve mathematically optimal strategies.
In an experiment where the number of choices was in-
creased to four (Miller & Lanzetta, 1962), absolute amounts
of cost and payoff were varied among three groups of 3s.
defining Expected Value (EV) as EV = G
1
x P - flL ( 1 . P)
( sv
and probability were constant among groups; they differed
only among the four choices within each group. Choice be-
havior did not vary with absolute amounts of cost aud pay-
off, noy did Ss approximate the optimal strategy of always
choosing the alternative with the higher EV. For a fourth
group, costs were altered to equalize the EVs of the four
choices. Contrary to expectation, the distribution of choices
was not rectangular.
Single Presentation of Options
In the preceding four experiments, each group of 3s
experienced the same options repeatedly. Under repeated
presentation, choice is a function not only of payoff para-
meters but also of sequential effects, feedback and set.
Thus, choice on a given trial is influenced by the pattern
of stimuli, responses, and payoffs on immediately preceding
trials (Jarvik, 1951; Anderson, 1959; Anderson & tfhalen,
1960; Myers & fort, 1962). Also, as reported in a pilot
study (Coombs A iiomorita, 1958), choice behavior of Ss offered
a few options repeatedly differed from that of 3s offered
each of several options just once.
Sequential effects and set can be eliminated effectively
by a technique of single presentation of options ( Suydam &
Myers, 1962). On each trial, Ss are required to choose be-
tween a gamble and a known alternative to gambling, and to
rate the strength of their choice. Until all bets are com-
plated, Ss are given no information regarding outcomes. The
single presentation technique permits the use of more levels
of the independent variables with a larger number of 3s than
is usually feasible with the repeated-presentation technique.
Respite the several differences in conditions under the two
techniques, Suydam and leers' (1962) findings with the single-
presentation technique paralleled those of other experiments
with similar independent variables but the technique of re-
peated-presentation of options (Myers & Sadler, i960; Katz,
1962).
in the present study, the single-presentation technique
was employed to investigate choice behavior as a function of
gain ratio, cost ratio, and probability of outcomes. These
variables are the same as those of the Myers, xteilly and
Taub (1961 ) experiment, but more combinations of cost and
gain ratios, and levels of probability were employed.
Models
The characteristic of choices of greatest interest has
been asymptotic percentages of occurrence of each choice, or,
more often, asymptotic percentage of occurrence of the choice
involving the greater or greatest gain, and the lesser or
least cost, instead of equations in which percentage of
choices is related directly to cost, gain, and probability,
most experimenters have preferred to develop equations in
which these variables have been combined in different ways to
define new dimensions which are then related to asymptotic
percentages. Described here arc several of such equations,
models, or rules, primarily for the two-choice situation, but
also for situations involving more than two choices. Sub-
jective-decision models involving such so-called subjective
parameters as utility of money or utility of gambling were
excluded because these parameters do not always have even
equal predictive power. Moreover, difficult measurement
problems arise. Also excluded were stochastic models which
describe mean percentages of choices as functions of know-
ledge of outcomes, accumulation of reward, and other factors
operating through repeated trials. With the single-pre-
sentation technique of the present study, these factors are
absent. Stochastic models, therefore, are not applicable.
The starting point of all of the models to be described
is the payoff matrix considered earlier. Some models also
require a loss matrix.
Expected Gain iiodels . laub and Myers (1961) developed
the original Expected Gain (J3G) model to predict mean per-
centage of choices under differential monetary gain. The
proposed equation is
GV"1
P. (CO ) = gj , (1)
H] + Iig
where f* (oc ) is the asymptotic probability and
EG m P x G.
The EG estimates of asymptotic probability were accurate
for the four .60- .40 probability groups but consistently too
low for the four .80-. 20 probability groups to suggest a shift
from matching toward an optimal solution in the interval be-
tween .60-. 40 and .80-. 20,
The two-alternative EG model was later modified to fit
the four-alternative case (Miller & Lanzetta, 1962). in the
resultant Relative Expected Gain (REG) model, the REG for
any particular alternative was the EG of that alternative
divided by the sum of the four EGs
. The rank ordering of
relative frequency of choice was predicted perfectly, but
the relation between observed proportions and R3G values was
non-linear, thus indicating that EG matching did not occur.
Neither the EG model nor the REG model explicitly con-
siders cost. Unless modified, therefore, these models, at
best, are only partially applicable to the conditions of
the present experiment.
Expected Payoff Hatching Generalization
. Called the
Expected Value Matching Generalization by Edwards (1956),
this model was renamed the Expected Payoff (EP) 24atching
Generalization ( Taub & Myers, 1961) to indicate its deriva-
tion from EPs rather than from EVs. The EP equation is,
p
1 («) * ^ , (2)
m\ ? ^p2
where EP
1
is the expected payoff resulting from choice of 1«,
and 'SB2 is the expected payoff resulting from choice of 3g.
In turn, EP is defined as equal to (G t A)P where A is the
ante required to bet, or potential cost. Values obtained
from the EP equation were more nearly correct than those based
on the hypothesis of probability matching but they did not
7accurately predict the asymptotic probabilities of choice
for Edwards' (1956) data.
The fiP model can be applied to the present variables of
cost, gain, and probability by substituting cost for ante,
since ante is essentially the potential cost of an incorrect
choice. Although the B2 model includes cost, whenever the
absolute value of cost is equal to the absolute value of gain
for eaoh event, its predictive power breaks down. Wg values
are then a function only of differences in probability 1
.
Expected Value etching Model . Miller and Lanzetta
(1962) developed the Expected Value (47) Hatching Model from
relative Wf (BIT) in order to account for behavior in situa-
tions involving more than two choices, j'or the four-choice
situation the model is,
This property can be shown in general for /c^j and
d2 = 1 . in this case,
iSP
1
= [i
t
* |*
v |
)P, 3P
2
= (G
g
+ /C2 |)(1-P)
(o
2 + Oj )P
" (o
2
cj;p + (o
1
+ o2
)(i-p)
(o
2 + gf )p
(o
2 +
o
1
)P o
1
+ o2
- ( j
1
+ o2 )p
m p
8where Wf
{ « ^ tl« (1 - P)0
1
.
The distribution of choices obtained in three of the four
cost-payoff conditions of Mller and Lanzetta's (
1
962 ) four-
choice situation was predicted accurately by this model.
The Wf matching model is readily adaptable to the two-
choice situation for which probability of choice of a par-
ticular outcome should be approximately equal to the ratio
of the jSV of that outcome to the sum of the iSVs of the two
outcomes. However, when 0 and g are equal in absolute
value, and the probabilities of the two alternatives sum to
one, the denominator of the ratio is equal to zero. Since
quantities divided by zero are indeterminate, no prediction
can be made. Accordingly, the if matching model is not
applicable to many of the combinations of conditions of the
present and of other experiments with the two-choice situa-
tion.
.Differences in Expected Value . The IT for one outcome
can be subtracted from that for the other outcome. This rule
can be expressed as,
Auiv = m« * atg (4)
where |?j m P
1
x §, - ( 1 - and
i)V
2
= (1 - p)G
2
- P
1
x C
2 .
Myers, Reilly, and Taub (1961) used the AiSV rule to
describe the data from an investigation which utilized the
independent variables of the present study. For the last 50
of 150 trials, an approximately linear relationship existed
between A3V and percentage choice of l
1
for the various com-
binations of cost, cain, and probability, with the exception
of combinations involving .50-. 50 probability.
Expected Loss Models , in Edwards (1956) Relative Ex-
pected Loss Minimization ( HELM ) rule, the loss involved in
risk-taking is defined as the amount which would have been
obtained had S predicted the event which occurred minus the
amount of payoff for S 1 s actual choice. i'he following matri-
ces illustrate the transformation of a Payoff Matrix to a
Loss Matrix:
Payoff Matrix Loss Matrix
Outcome
xtesponsa
.
*»
Probability
of Outcome
.Iff
I)
10^
Outcome
1*
0$
.7 .3 .7 .3
An A. response followed by occurrence of 5^ results in no
loss since £3 has done as well as is possible on this trial.
An A. response followed by occurrence of Ep results in a
loss of 15^i the possible IGff gain minus the actual 5^ cost.
The losses associated with an JL response are computed sim-
ilarly.
The probabilities of occurrence of & and Ma of .7 and
.3, respectively, yield the following expected losses:
For A lf EL;
= .7(0) + .3(15) * 4.5
10
For A2 , SL2 = .7(2) + .3(0) = 1 .4
3y the %S& rule, probability of choice of the altern-
ative with the smaller EL becomes greater as the quantity
(BL, + jiiL T7%
inCreas9s
'
?or the two-choice case, the greater
the positive value of AEL , the more probable an S*s choice
of E 1# With negative values, 32 should be ohosen more often
then iS.
.
j?or 24 combinations of conditions, Mwards ( 1 956 ) re-
ported a linear relationship between RBLM values and proba-
bility of choice, with a Pearson product-moment correlation
(r) of .96. ii'or the eight combinations of conditions em-
ployed by Taub and Myers (1961), the relationship between
RJSLM values and probability of choice was again linear with
an r of .98.
In order to further assess the validity of the RJ3LM
rule, Um values have been computed for two additional ex-
periments. In the first ( Suydam & Myers, 1962), Ss chose
between a gamble with .50-. 50 probability, and a known al-
ternative to gambling. The monetary level (range) of the
gamble and the value of the known alternative were the vari-
ables; the response measure was S's rating of choices. The
RJ3LM rule correctly predicted the tendency of the value
curves to converge as the range of the gamble increased. In
the second experiment (Myers, Rellly, & Taub, 1961), the
RiSLM values accurately predicted the rank ordering of groups
with respect to the dependent variable, choice probability;
11
the only notable Inversions were under conditions of .50-. 50
probability.
In an attempt to fit the data from all four payoff con-
ditions, Miller and Lanzetta (1962) extended Edwards' (1956)
RJ3LM rule to the four alternative case. The Relative Ex-
pected Loss (REL) for a given alternative was defined as
the ratio of the difference between the EL of that alterna-
tive and the mean EL of the three other alternatives to the
mean EL of all four alternatives. For four choices, the
equation for alternative A is,
REL, = EL, - N - 1
a - a
"
"
1
l r =1
rl
_
.
BLr - EL,
( A
(5)
I
One prediction is the greater the REL value between condi-
tions, the lower the relative frequency of choice of that
alternative within payoff conditions. Another prediction is
the same ordering of alternatives within each of the four pay-
off conditions. But the order in the equal EV condition
differed from that in the other three EV conditions.
Perhaps the HELM rule cannot be extended to situations
of more than two choices. Alternatively, Miller and Lanzetta*
s
data may not have constituted an adequate test, since, contrary
to the results of previous experiments (Edwards, 1956; Myers,
Heilly & Taub, 1961; Taub & Myers, 1?61), they found no sig-
12
nifleant differences in choice behavior attributable to cost
and payoff which are basic parameters in the RELM model.
The RELM model has yielded accurate predictions of
choice behavior in ft variety of two-choice situations. How-
ever, the 3Ls upon which it is based can be combined into a
simpler equation which yields identical predictions. The
new equation, which will be called the Expected Loss Ratio
(ELR), i.s defined as,
C1T
ELR m iij2 (6)
RELM and ELR are related linearly, the proof for whioh
is as follows:
ELR m
2EL
2
2(3^ + 3L? )
m
EL2 - EL 1 EL 1 + EL2
2(EL
1
+ EL2 ) fOBpTTEJI
= i/A ML2 ; a 1 * 1/2 PL i ; ELps; ; sl2 )/2
J
0Kj # el2
= 1/4 PL2 I BL 1 1 + 1/2.
The quantity in brackets Is RELM, thus,
ELR = 1/4 (RELM) + 1/2. (7)
ELR Is simpler to compute than RELM and simpler con-
ceptually. All further discussion, therefore, centers about
the ELR model.
The success of loss models in predicting choice behavior
under both sequential-choice and single presentation tech-
niques suggests that ELR must be sensitive to factors which
are similar under both conditions and be unaffected by those
13
that are dissimilar. The model takes into account tendencies
to prefer high probability of gain to low, larger gain to
smaller gain, and accounts also for the cost associated with
an incorrect choice. The predictive power of the SIR model
depends not only upon the parameters included but also upon
the manner in which they are included. Contained in the SLR
model are three desirable features of models for predicting
choice behavior. First, since the definition of EL requires
a loss matrix containing no negative quantities, except for
the trivial case where all entries in the matrix are identical,
a zero denominator is impossible.
Second, SLR has limits of 1 and 0. The proof for these
limits is, ^2 —=> 1 when EL^ takes on any positive
EL^ + HZ
value and ELj —> 0, and
EL2 v. 0, when XL take3 on any positive
HCfa + ELg
value and EL2 —> 0.
The limits of 0 and 1 occur in the two-choice situation only
when probability equal to 0 or 1 , or when one choice dom-
inates in the sense that it is preferred regardless of out-
come •
Third, as gain on the alternative event (Eg) increases
by equal amounts at constant probability and cost, the denom-
inator of ELR increases by equal amounts, and the ratio de-
creases in negatively accelerated fashion, j?or constant
probability and gain, equal increases in cost for an incorrect
14
prediction of »
1
also increase the denominator of ELR by equal
amounts to produce a negatively-accelerated decrease in the
ratio. Therefore, SLR is a decreasing, negatively-acceler-
ated function of both amount of gain associated with a cor-
rect prediction of and amount of cost associated with an
Incorrect prediction of E,
. For generality, a model must
involve negative acceleration since performance in decision
making and other learning areas is generally a negatively-
accelerated function of amount of reward (Pubols, i960).
Of particular concern in the present experiment was
the applicability of ELR and AEV rules. Interactions among
gain, cost, and probability were also of concern as were
comparisons of these interactions for the single-presentation
technique with those obtained under the repeatec-presenta-
tion technique.
Method
Experimental Design and Materials
. Forty-five matrices
representing 45 pairs of options were constructed by using
all combinations of the probabilities, cost ratios, and gain
ratios shorn in Table 1
.
The complete set of matrices is in
Appendix A.
Bach matrix appeared at the top of a separate page with
the rating scale below in the format shown in Figure 1
. The
matrices were arranged in random order and then assembled in
45-page booklets. The order of the matrices in each booklet
represented a different sequence of the original random
order.
The £ played cither -ted (R) or Black (£) which occurred
with probabilities I and 1 - P, respectively. Choice of 1
followed by occurrence of B always resulted in a gain of 1 .
Choice of B followed by occurrence of R always resulted in a
cost of 1 . Choice of 1 followed by occurrence of I resulted
in gains of 1, 5, or 10, and choice of S followed by occur-
rence of 1 resulted xn costs of tj 5, or 10.
Strength of choice of 8 to win could vary downward from
"definitely prefer this choice" to the neutral point of "im-
possible to make a choice", with strength of choice of 3 then
increasing to "definitely prefer this choice". In parentheses
to the right of each verbal statement in Figure 1 are the
numerical values later assigned to them.
-15-
Table 1 16
£VR , AEV and BLH Values, Means and Standard Deviations of Ratines
Oost Gain Probability w A CT„ WUKMo of Red AW ^ ^ ^
1 ,1 1:1
.9 0.8 1 ,6 .90 8.44 1.15
•7 0.4 0.8 .70 8.09 1.41
•! o.o 0.0 .50 5.19 1.03
.3 -0.4 -0.8
.30 1.86 1.47
-
_ -
1
-0.8 -1.6 .10 1.67 1.41
*** .9 0.8 1.2
.73 7.54 t *7D
.7 0.4 -0.4 .44 3.79 2.47
.5 0.0 -2.0 .25 1.69 1.44
.3 -0.4 -3.6 .13 1.61 1.07
- ^ - 1 -O.g -5.2 .04 1.17 0.43
1 * 10
.9 0.8 0.7 .63 6.26 2.75
.7 0.4 -1.9 .30 2.91 2.26
.5 0.0 -4.5 .16 1.64 1.36 .
.3 -0.4 -7.1 .07 1.22 0.73
.1 -0.8
-9.7 .02 1.09 0.40
1 *5 1:1 .9 0.4 1.2
.75 7.31 2.15
.7 -0.8 -0.4 .44 4.52 2.45
.5 -2.0 -2.0 .23 2.37 1.90
.3 -3.2 -3.6 .13 2.37 2.04
.1 -4.4 -5 # £ #04 1.61 1.35
1:5 .9 0.4 0.8 .64 7.00 2.13
.7 -0.8 -1.6 .32 3.78 2.55
.5 -2.0 -4.0 .17 2.12 1.55
.3 -3.2 -6.4 .08 1.84 1 .27
.1 -4.4 -8.8 .02 1.25 0.71
1:10 .9 0.4 0.3 .55 5.97 2.81
,7 -0.8 -3.1 .24 3.24 2.04
.5 -2.0 -6.5 .12 1.43 0.70
.3 -3.2 -9.9 .06 1.39 0.53
.1 -4.4 -13.3 .02 1 .27 1 .03
1:10 1:1 .9 -0.1 0.7 .63 5.87 2.45
.7 -2.3 -1.9 .30 4.25 2.38
.5 -4.5 -4.5 .16 2.11 1 .60
.3 -6.7 -7.1 .07 2.44 2.22
.1 -8.9 -9.7 .02 1.69 1.43
1:5 .9 -0.1 0.3 .55 6.22 2.24
.7 -2.3 -3.1 .24 3.29 2.01
.5 -4.5 -6.5 .12 1.81 1.52
.3 -6.7 -9.9 .06 1.81 1.18
.1 -3.7 -13.3 .02 1.31 0.56
1 s 1 0 .9 -0.1 -0.2 .47 4.84 2.61
.7 -2.3 ^4.6 .19 3.25 2.40
.5 -4.5 -9.0 .09 1.73 1.34
.3 -6.7 -13.4 .04 1 .61 1 .11
.
1 -8.9 -17.8 .01 1.19 0.42
17
You play Red
You play Black
Odds
Wheel JomeB Up
win 10 lose 50
lose 1^ win 100
7/10 3/io
Le4
definitely prefer this choice (9)
This choioe seems much better (8)
This choioe seems slightly better (7)
Very difficult to decide (6)
Impossible to make a choioe (5)
Black
Very difficult to decide (4)
This choioe seems slightly better (3)
This choice seems much better (2)
Definitely prefer this choice (1)
figure 1 Sample Page Showing the Format for the Matrices
and the Rating Soale.
18
ffrooetee
.
Subjeots were run In groups. Instructions
were read to them which described the task and what they were
to do. More specifically, Ss were shown a sauple matrix and
told they were to decide each time whether they preferred to
bet on | or 3 to win. The several possible gains, losses,
and odds were explained. They were also told that the strength
of each decision was to be indicated on the rating soale.
That each new decision was to be made independently from pre-
vious decisions was emphasized. Jhe as were also told that
the object of the experiment was to win as large an amount as
possible, but that no actual exchange of money would take
place.
The time allotted for completion of the booklets was 20
minutes. All 3s were able to finish within this limit which
was predetermined on the basis of time records from pilot Ss.
In order to show Ss the results of their decisions, at
the end of the session several bets were run off on a spe-
cially constructed roulette wheel which could be adjusted to
show appropriate proportions of red and blaok. The wheel
consisted of a ciroular wooden base, 10" in diameter, on
which was mounted a sheet metal disk of the same diameter.
The disk was painted half red and half black. In addition,
two semicircular disks of 10" diameter sheet metal with
spindle holes were constructed. One of the disks was painted
red, the other black. The disks could be interchanged on a
simple metal spindle which protruded from the center of the
19
wheel to give any desired proportions of red and black. A
brass pointer which could also be placed on the spindle com-
pleted the apparatus.
fr|}ft.1eot8. Eighty-five male students enrolled In the
elementary psychology course at the University of Massachu-
setts were selected randomly. Twenty-three were run in the
first group, 15 in the second, 25 in the third, and 22 in the
fourth. Soores of 3s from all four groups were pooled.
Results
Means and standard deviations of ratings are presented
in Table I] the means are plotted in figure 2. .Described
first are effects on ratings of cost ratios, gain ratios,
and probabilities. Then examined are the relationships be-
tween ratings and values obtained by A^V and HSLii models.
Post ratios, gain Ratios, and Probabilities . As shown
in Figure 2, means of ratings decreased as probabilities of
H decreased, and as cost ratios and gain ratios increased,
in the analysis of variance on ratings (Table 2), all three
variables were significant (p < .001 ). At each combination
of cost and gain, the mean rating of 1 decreased as the
probability of il decreased, liean ratings decreased rapidly
as probability of 8 decreased to .5, then more slowly as
probability approached .1. .lean ratings of & also decreased
as the cost of an incorrect choice of it inoreased, and as
the gain on a correct choice of 1 inoreased.
Xhe interactions of probabilities and cost ratxos, of
probabilities and gain ratios, of cost ratios and gain
ratios, and of all three variables were also significant
(p <\001) . When the probability of I equaled .9* mean
ratings were highest for the 1:1 oost ratio, with the 1:5 and
1:10 cost ratios following in order, but as probability of H
decreased differences In mean ratings as a function of cost
21
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Table 2
Analysis of Variance of Uating Scale Data
Source of Variance It I
Subjects (S) 84 17.86
Probability of Red (P)
S X P
4
336
3579 J!
5
6.60
342.33 *
Cost (0)
III
2
168
160.71
3.77
42.68 •
Gfciln (i)
s x a
2'
168
625.48
3.26
191 .46 *
p x o
3 x P x C
3
672
61,57
2,51
24.48 t
p x a
8 x p x a
|
672
58,13
2,46
23.60 •
1st
3 x 0 x a
4
336
111 .90
2.11
53.14 *
p x o x a
3 x P x 0 x 0
16
1344
32,54
1.85
17.56 *
I <.001
23
also decreased, variability among the mean ratings at the
three levels of gain also decreased as probability of 1 de-
creased from
.9 to .1. As cost increased from 1st to 1:10,
the effects of gain decreased. The greatest decrease In
variability due to gain was between the 1:1 and 1:5 cost
ratios; there was only a slight difference In the spread of
gain curves at the 1:5 and 1:10 cost ratios. when the cost
ratio was 1:1, the spread among gain curves decreased as
probability of I decreased but at the higher cost ratios
differences among gain curves varied only slightly as prob-
ability decreased.
Ratings and Models . Also presented in Table 1 are JSV^,
AKV| and JSLR values for each of the combinations of cost
ratios, gain ratios, and probabilities. If* is the gain
associated with I multiplied by its probability plus the
cost associated with 3 multiplied by its probability; AV^
Is computed similarly. A2V Is 4V d - riV^ (Equation 4).
W6M is the ratio of J3L
fl
to iJLR plus iLfl (Equation 7).
3L3 is the sain associated with a correct
prediction of I
mlnu3 the loss associated with an Incorrect prediction of 3
multiplied by the probability of A. is computed in the
same way. The Ml values are plotted in figure 3.
As A&V Increased from -17,3 to -3.1 » mean ratings In-
creased irregularly from 1.19 to 3.30. i^or A^V of -3.1»
mean ratings varied from 1.61 to 3.30. As A£V increased
from -3.1 to +1.6, the largest value, mean ratings ollmbed
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rapidly to their maximum of 3.44. The relationship between
ASV and the ratings is best described as posltively-
aocelerated with considerable variation about the estimated
curve of best fit.
The relationship between SLH values and means of ratings
was linear. Comparison of the curves for |£g values plotted
in Figure 3 with the curves for means of ratings for each
combination of cost, gain, and probability in figure 2 re-
veals that the iSLTt values predict not only the rank ordering
of the means but also closely approximate the shape of tha
rating curves. The only notable difference between predic-
tion and mean rating is to be found under the 1 i 10 0, .9 p
condition where lift has a higher mean rating than 1t1 G,
The £ between values and mean ratings was .97 for which
the regression line had a slope of .94 and an intercept of
8.56.
Discussion
Post Ratios* aaln Ratios, and Probabilities The results
of the present experiment parallel those reported by Myers,
Reilly, and Taub ( 1 96 1 ) in several respects. In both experi-
ments, probability of outcomes had the greatest effeot upon
ohoioe behavior with cost and gain ratios contributing to a
lesser degree. However, in the present experiment, gain
ratios had a greater effect than cost ratios while the re-
verse was true for the Myers, Reilly, and Taub experiment.
This difference may refloat the effect of money upon ohoicest
in the present experiment, gambling was imagined; in the
earlier experiment, 8s gambled for ohips which could later
be exchanged for money. The possibility of winning money
may cause Ss to consider more carefully the potential loss
associated with each ohoice.
listings and Models . The A^v values obtained from the
present study failed to predict the means of ratings. On the
whole, ratings were a positively-accelerated function of AH
values with marked variability about the estimated regression
line. In contrast , with a repeated presentation technique,
Myers, Eeilly, and Taub (1961) found a nearly linear relation-
ship between A&V values and asumptotlc probability of choice.
The difference in results between the two experiments 1b very
likely due to differences between the single-presentation and
repeated-presentation techniques. Consequently, detailed
—26 —
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comparison of their differences and their possible effects
is desirable.
The repeated-choice technique used by Myers, Aellly, and
Taub (1961) requires that 3 estimate the probability of out-
comes by observing the sequence of events, but with the single-
presentation technique eaoh probability is explicitly stated.
Furthermore , in the sequential-choice situation, 3 is in-
formed immediately of the outcome of each trial, and is re-
minded constantly of the effects of gain and cost by his
growing or diminishing pile of chips, in contrast, the pres-
ent procedure eliminates feedback and monetary incentive:
$ made each choice in the same state of ignorance and was
aware that no real money was involved. Thus, in the present
experiment, § was not "forced" to change his pattern of be-
havior in response to a shrinking pile of chips nor was he
required to learn probabilities over trials. Although the
relative effects of these procedural differences cannot ba
evaluated, such differences would be expected to affect choice
behavior and could account for the lack of fit of the AJSV
values,
iSdwards (1956) WKSM rule was originally developed to pre-
dict sequential two-alternative decisions, but it oan also be
applied to data obtained under the single-presentation tech-
nique . The KiiLM values or their linear transforms, the W
values, predicted not only the rank ordering of the mean rat-
ings, but also the shape of all main and interaction effects.
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The BLR model is, so far, the only model which has yielded
accurate predictions in both single-oresentatlon (Suydam &
Myers, 1962), and sequential-ohoice situations (Edwards, I956;
Taub ft llyers, 1961 ).
The sensitivity of loss models to the parameters under-
lying choice behavior suggests that they may be extended In-
to new areas of reaearoh. However, that research should be
important in terms of adding more parametric data to the
existing body of literature rather than being merely a vehi-
cle for testing models. The proposed research could be
carried out using either the sequential choice or single-
presentation technique or both. At least tiiree areas warrant
consideration. The first one is multi-choice dwoision malt-
ing. The lack of significant results in the Miller and Lan-
zetta (19*>2) study points to the need for additional Investi-
gation to test the reliability of their rssults, Since this
is the only study which has provided data on monetary pay-
offs with more than two ohoicea, data is also needed for
three-choice situations before attempting the more complica-
ted problems posed by four or more choices.
The second is further manipulations on payoffa. Exten-
sion of the present study to include multiplies of G and 0
would provide a further test of the applicability of the iSLR
model and yield additional information on the effect of in-
creasing monetary levels. For example, the two payoff mat-
rices below are equal in ratio and yield identical HA pre-
dictions, but differ In amount of cost and gain.
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Payoff Matrix
. Ill 1 ILatrU:
Wheel Gomes Up rfhael Comes Up
iM H»j| III MUk
You play Red M «# 0 15
You play alack
-1^ 10^ 2 0
Odd.a 7/10 3/10 7/10 3/10
Si^ * ,7(2) = 1.4
£L
r « .5(15} • 4.5
fit* 1.4 « .24
1 *4 4 ^
layoff i-iatrix No. 2 ifOSS Matrix
Ml vomes5 Up domes Ud
fted 31aclr
You play Hed 2j* -10^ 0 30
tou play Black «*2j^ 4 0
Odds 7/1
0
3/10 7/10 3/10
ML * .7(4) * 2.8
iSLy a .3(30) as 9.0
•HI * 2.8 * 1.4 = .24
2.8 9.0 1 .4 + 4.5
in addition, the effect on choice behavior of multiplying one
payoff ratio while holding the second payoff ratio constant
should be determined. For example, multiplying G by 2 and
holding C constant results in a new ELK prediction. Compare
Payoff i*&trix Bo. 1 with layoff Matrix So. 3 below whioh has
a doubled (J but identical J.
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payoff Matrix III ] Loss ilatrix
Wheel Comes Wheel Comes ffm
Ml Hlgl Itl • 3 lac}-.
Tou piny Red tf|f 0 25
You play Black 3 0
Odds 7/10 3/1
0
7/10 3/10
Si.
b * .7(3) a 2.1
i8L
r i .3(25) m 7.5
Ml * £.1 m ,?1
2.1 7.5
The two matrioes should yield different choice behavior ac-
cording to SLR predictions although the difference is small
in the example oited. Perhaps in such cases, amount of cost
and grain will operate to produce greater differences in
ehoioe behavior than is predicted by the WM model.
The third area is gamble vs, known alternative. The BLR
model also accounted for the data from a very different two-
ohoioe situation, that of choice between a gamble with ,5
probability of winning, and a known alternative to gambling
(Suydam & Myers, 1962). Additional research Is needed to in-
vestigate the effect on behavior of varying the probability
of payoffs, not only as a further test of the M isodel but
also to complement the existing data.
Summary
Three parameters of risk-taking, gain ratio (G ) , cost
ratio (0), and probability of occurrence of Red (?), were
varied in an experimental design which provided for the con-
trol of effects due to repeated presentations. On each of
4-5 trials, 85 Ss were required to choose between two outcomes
and to rate the strength of their choice along a 9-point
scale. No exchange of chips or money took place.
Means of ratings decreased as 0 increased, as G on the
alternative event increased, and as P decreased. As P de-
creased, differences in mean ratings as functions of 0 and G
decreased. As 0 increased, differences In mean ratings as a
function of G decreased, this decrease being more marked at
the higher levels of P. An analysis of variance of the rating
scale data showed all effects to be significant (p <.001).
Several objective decision models were discussed in rela-
tion to their predictive power for the present data. One
model, the Relative Expected Loss Minimization (RELM) rule,
accurately predicted not only the rank ordering of the mean
ratings but also the pattern of all main and interaction ef-
fects. The IKI rule is a linear transform of a computa- .
tionally and conceptually simpler equation, the Expected Loss
Ratio (iSLR). Suggested, therefore, was substitution of the
SLR model for the REM rule,
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Appendix A
The 45 Matrices Obtained from All Possible Combinations
of 3 Cost Ratios, 3 Gain Ratios, and 5 Levels of Probability
Wheel Whael tfheel Wheel Wheel
comes up comes up comes up comes up comes up
Red Black Itsd 31aci Red Black Red Black Red Black
You play Red 10
-10 10 -10
-1^ 10 -10 10 -10
You play Black
-10 10 -10 10 -10 10 -10 10 -w w
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10
-10 10 -10 10 -10 10 -10 \d -10
You play Black
-10 50 -10 50 -10 50 -10 50 m\d 50
.ads 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10
-10 10 -10 10 -14 10 .-10 10 -10
You play Black
-10 100 -10 100 -10 100' -10 100 -10 100
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/1 C 9/10
You play Red 10 -50 1£ -5^ 10 -50 10 -50 10 -50
You play Black
-10 10-10 10-10 10-10 10-10 10
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10
-50 10 -50 10 -5£ 10 -50 10 -50
You play Black -10 50 -10 5t -10 50 -10 50 -10 50
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10
-50 1^ -5£ 1£ -5t H -50 10 -50
You play Black -10 100 -10 100 -10 100 -10 100 -10 100
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10 -100 10 -100 10 -100 10 -100 10 -100
You play Blaok -10 10-10 10-10 10-10 10-10 10
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10 -100 10 -100 10 -100 10 -100 10 -100
You play Black -10 5^ -10 50 -10 50 -10 50 -10 50
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
You play Red 10 -100 10 -100 10 -100 10 -100 10 -100
You play Black -10 100 -10 100 -10 100 -10 100 -10 100
Odds 9/10 1/10 7/10 3/10 5/10 5/10 3/10 7/10 1/10 9/10
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